One discussion in the literature of economics is the interaction between product life cycle and technological advancement. Firms may enjoy high profits and pay higher wages to the workers due to higher prices by introduction of new products in early stages and product developments in later stages. The aim of this study, by assuming that life cycle stage of a product represents its level of technology intensity, is to measure the innovative capabilities of selected benchmark and MENA countries by developing a maturity index, and then to see how MENA countries adapt themselves to relative maturity changes of products at the global level. Empirical findings using COMTRADE bilateral trade data for the period 1996-2013 showed that most of MENA countries' -especially Algeria and Turkey-adaptation performance fall in high-and low-tech industries. Moreover, adaptation pattern of MENA countries except for Egypt shows a decreasing trend in the highest growing products in the World trade. The performances of benchmark countries such as USA, South Korea, and Germany in terms of maturity adaptation were found to be increasing. We found that adaptation performance of MENA countries showed improvements in medium high-and medium low-tech industries mostly due to chemical and plastic industries in the last quarter. All these findings imply to call for policies that give incentive to create young products in high-tech and most demanded industries and to rejuvenate those already exist.
Introduction
Technological change with the introduction of ICT (Information and Communication Technologies) and removal of trade barriers over the past 35 years has led to substantial structural changes in both production and trade of developing and developed countries. Some late developing or developed countries, such as South Korea, Japan, and to a certain degree, China, started the transformation by establishing assembling industry. This, then, followed by creation of their own brands in young and technology intensive industries like automobile and electronics. However, some other countries, especially those in Africa and Middle East, specialized in the industries mostly based on resource and low technology insensitive industries. This paper addresses the question whether technological efforts and adaptation to product developments may contribute to the trade performance of countries.
Since Vernon (1966)'s seminal work on product life cycle, it is well known that all products have evolutionary process in global trade like human being. The process includes introduction, growth, mature, and decline in trade. Innovative activities vary across in these stages of product life cycle. For example, in early stages of the cycle, the activities are more intense and thus young products provide substantial gains to those who make these products because they are price-maker. Therefore, a country specializing on these products will develop its competitiveness, the degree to which a country can produce tradable goods while raising the income level of its citizens (OECD, 1992, p. 237) . In the later stages, those focusing more on process innovation and investing in capital equipment may also keep their position in the market.
Based on the close relation between innovative efforts and life cycle of the product, in this paper, we aim to construct an innovativeness index by calculating maturity levels of manufactured products. This analysis allows us to see which products have upward or downward maturity trends at national and global scale. Moreover, this analysis sheds light on how countries adapt the innovativeness of their products relative to the global market for different technology intensive industries based on OECD (2011, pp. 5) manufacturing industry classification and for most-demanded products.
We estimate quadratic econometric models to calculate maturity index for each product for MENA countries and selected benchmark countries by using COMTRADE bilateral trade data for the period 1996-2013. determines the length and slope of development stage. Producers, on the other hand, may delay later stages (maturity and decline) through product improvements and keep their products alive. Tallis and Crawford (1978, pp. 131 ) stated that only if innovative modifications are made, it is possible to claim that product reaches to the death stage. One can argue that there is an interrelation between life cycle of the product and innovative efforts. On the one hand, life cycle of the product determines the kind and magnitude of the innovative efforts, innovative efforts of entrepreneurs may affect the life cycle of the product on the other. For example, according to Abernathy and Utterback (1978, pp. 42-45) , in the early stages, radical innovations are most likely to occur, thanks to science-based universities or entrepreneurially oriented financial institutions. As the industry matures, firms focus more on "formal" research and development investments that may include the process innovation and product differentiation through functional improvements. In fact, technological efforts are affected by the supply and demand conditions of the market. Stadler (1991, pp. 303) , thereby, has modified this approach by emphasizing that in the search period for a new product, R&D expenditures have fastest basic innovation rate in the "pre-innovation" market structure which is a type market between monopoly and perfect competition. As product matures over life cycle, R&D efforts decreases because of limited technological opportunities. Klepper (1996, pp. 562-563) has also modelled the product life cycle model by examining entry and exit rates of firms and concluded that when industry is on the introduction stage, the entry precedes the exit and thus product innovation is to be high. This fallows with diminishing of the number of firms and product innovation rate. Finally, Audretsch (1987, pp. 302-304) empirically showed that innovation rate and labor skills affect positively the likelihood of being in the stage of "growth" and negatively "declining" or "mature" stage in U.S industries. The impact of capital-output ratio compared to innovation rate and labor skills has opposite effects on these stages.
Differently from the literature mentioned above, Vernon (1966, pp. 200) argued that the probability of creating new products is higher in developed countries because of high income and unit labor cost. The production location of new products would then shift to the developing countries due to low labor cost and not to lose the market. This argument based actually on Leontief's paradoxical findings about the trade patterns of US industries were found to be consistent with empirical evidence by several studies (Keesing, 1967; Gruber et al., 1967; Baldwin, 1971; Hirsch and Bijaoui, 1985; Lee and Stone, 1994) . Keesing (1967, pp. 40-45) analyzed correlation coefficients between the international competitiveness and various variables such as R&D expenditures, capital and labor skill requirement, and economies of scale and found strong evidence that R&D activity is highly correlated with trade performance. Moreover, he confirmed that R&D is associated with scale and skill requirements and concluded that comparative advantages of US industries are primarily explained by the newly created products. Gruber et al. (1967, pp. 23-30) also examined the link between the competitiveness of US exports and R&D expenditures assumed to be the proxy for the new product orientation. They found that there is a strong relation between the World share of US exports and R&D expenditures in the industries having higher share of total US exports. However, they reached insignificant results when Germany and United Kingdom were used as denominator. This result was attributed to the similarity of export profiles of these countries. They found significant and positive coefficients in another exercise in which they normalized US exports with French and non-Europe exports whose innovational habits different from US. Baldwin (1971, pp. 141-143) concluded that trained labor mostly engaging in research and development activities give temporary advantage based on technological opportunities in their industry level cross-section regression model where dependent variables were net US exports We used the approach developed by Audretsch et al. (2012) to measure the maturity level of products at global and national level. Before showing the new index, we introduce traditional life cycle models based on Audretsch (1987) , Audretsch and Feldman (1996) and Sanders et al. (2007) . These models generally regress the total sales against quadratic time trend. If sales variable is replaced by global export value of the commodity, then the equation to be estimated may be written as follows (Audretsch et al., 2012, pp. 5-6): ln(exp ) = 0 + 1 + 2 2 + 3 ln( ) +
In equation (1), represents the global export value and subscripts and denote product and time, respectively. For the right hand, and 2 are used to determine the stage of product life cycle. expt is added to model to control for the global business cycle. Finally, is the usual error term. After taking the derivative of equation (1) with respect to time, we can obtain the maturity index ( ) of product for a given year (Sanders et al., 2007, pp. 10-11 ):
According to equation (2), higher value means less maturity of product , or vice versa. Superiority of the index value calculated above is to be a time varying variable. Moreover, this index shows the rejuvenated products via technological developments or product differentiation.
We take this approach one step further in order to construct a maturity index for each tradable product of country ( ):
where exp is export value of product for country at time t. in equation (3) controls for export fluctuations in country , differently from (1) and (2).
By using equation (2) and (4) we can find world's and country 's maturity index value in period , respectively. Dividing relative changes of these values each other proportionally and then taking weighted average for each technology category and for 150 high-share products, we can also see the adaptation degree of country in question to world market in terms of maturity change.
Empirical Findings
In order to examine the countries' innovativeness performance, we first selected 150 products as the best performers. These products were chosen with respect to both trade performance and maturity level. Specifically, we chose the products not only whose maturity is positive but also World trade shares are the highest in the last 5 years. The 150 youngest products based on 2013 maturity score and percentage maturity score change between 2009 and 2013, respectively, are presented in Table 1 -2 in appendix. These products have little weight in world trade and more than half of them significantly consist of low-tech and/or medium-low tech products according to OECD (2011, pp. 5) classification. This finding is also consistent with Audretsch et al. (2012, pp. 7) . They explain this finding with the fact that resource boom in 1990s led to considerable increase in trade volume and thus they seem to be rejuvenated. It is also questionable that moving toward an industry with low demand-low technological intensity spurs the development of a country. To overcome these problems, we decided to leave these products out and to consider those having high trade shares and positive maturity growth for the period 2009-2013. In Table 3 in appendix, we ranked the 150 products with highest five-year average trade share in global market based on maturity growth rate. As expected, more than two-thirds of these products have turned out to be medium high-and high-tech products. Note that 15 out of first 30 youngest products are medium high-tech and subject of value chains (Taymaz et al., 2011) . This suggests that traditional sectors like automobile may be in the foreground in global market. We present global trade values of three different groups of 150 selected products in Figure 1 . we aggregated global trade values of products of each table above and compare their trends. Figure 1 depicts that "150 products with highest maturity value" (right axis) has steepest trend in last five years. The trend of "Total trade of 150 products with highest share and positive maturity growth" (left axis) is similar. "150 products with fastest maturity growth" (right axis) constitutes a relatively small share of World trade. In this study, we chose and examine "150 products with highest share and positive maturity growth". 
Twenty youngest products in the highest trade share group
In the sections, we compare the MENA and benchmark countries' maturity performance trend with global market for 20 individual youngest products selected (Figure 1 -20 in Appendix-B).
Overall implication of these figures is that US, Germany and South Korea sharply diverge from global market tendency in five products. The figures show that the maturity patterns of 8 products diverged from the World pattern in China. In other industries, despite of lags or leads, their maturity index patterns are pro-cyclical.
For MENA region, the first thing we must state that all MENA countries except for Turkey could not continuously managed to export all 20 youngest products over the period. Secondly, for last five or six years, these countries showed more divergent pattern than benchmark countries (US, Germany, South Korea, and China). In half of the number of products, on average, they formed scissor-shape with global curve. Among this group, Jordan is the best performer, having four out of seventeen of scissor-shapes. Jordan is followed by Algeria (4/9) and Oman (4/10). The worst performers among MENA countries are Saudi Arabia (9/15), Yemen (3/5), Turkey (13/20), and Egypt (10/15). In sum, MENA countries were not successful in adapting their product development to global trends.
4.2.Technological categories and 150 highest share products
In this section, we compare each skill and technological intensity and 150 most demanded products, by taking weighted average with total export shares. Our weighted average results are tabulated in the Table 1- 150 products with highest maturity growth (2009) (2010) (2011) (2012) (2013) cycles such as 2001 and 2008, we split our sample into four periods, and then proportioned the relative maturity changes of countries to world. Furthermore, to see changes in the productive structures of countries not based on natural resources, we implemented the procedure again by excluding them in medium-high and medium-low tech industries since chemical (except pharmaceutical industry) and plastic industry is closely related with the petroleum industry. Table 1 shows the results of the benchmark countries' high-tech industry analysis, which include aircraft, pharmaceuticals, office and computing machinery, radio, TV and communications equipment, medical precision and optimal instruments. Our results illustrate that adaptation values of China, Germany and US increased at the end of the period compared the beginning. South Korea, on the other hand, fade away its performance in this period. Among MENA countries, adaptation value of Algeria, Jordan, Kuwait, Morocco, Oman, Qatar, Tunisia, Turkey and Yemen decreased in the same period.
In the medium-high tech industries (electrical machinery, motor vehicles, chemicals excluding pharmaceuticals, railroad equipment and machinery equipment), China is the only country increasing the maturity adaptation. We found that South Korea's results are highly sensitive to the presence of chemical sector in the analysis ( Table 2 ). Value of US decreased but it jumped in 2005-2008 period because of the extraordinary maturity adaptation performance in carbon and graphite electrodes (HS-854519). For MENA countries, the maturity adaptation in Egypt, Kuwait, Lebanon, Qatar, Tunisia, and Yemen diminished. We found that the maturity adaptation decreases in Algeria, Jordan, Morocco, and Saudi Arabia when chemical sector is excluded. Moreover, even though chemical industry in Algeria, Bahrain, Egypt and Saudi Arabia has important weight in total export basket, they could not adaptively manage product development process since their maturity adaptation values including all products are less than the excluding chemical sector for at least three periods. To a lesser extent, we observed similar findings for Germany and US but their total export share of chemical industry is smaller than the MENA. Therefore, this situation does not affect their competitiveness so much.
When we compare the results of for all products with the one excluding rubber and plastic industry for each period, China's maturity adaptation performance in medium-low tech industries showed an improving performance in the model for all products (see Table 3 ). While adaptation performance of Germany and US is developing in both groups, performance of South Korea turned out to be good in industries based on non-plastic such as building of ships and boats, non-metallic mineral products and basic and fabricated metals. Within MENA group, Egypt, Morocco, Qatar and Saudi Arabia enhanced their adaptation for both product groups over time. Bahrain, Kuwait and Turkey are the countries improving their maturity adaptation in all products.
Findings of low-tech industries, which consist of textile, food and beverage, garment and tobacco, paper and recycling industries, presented in Table 4 . The findings show that China, South Korea and US has become more adaptive in low tech industries at end of the period. Although Germany had very high adaptation value, it was not as high as at the beginning. This finding may imply that although these countries -except China-moved production chains to less developed countries, they keep product development stages at home. Adaptation level of the most of MENA countries sharply fell in last period. Substantial developments in benchmark countries leads to the products MENA countries exports get older. Even though most of MENA countries have negative values at extraordinary levels in last period, other countries have declining performance over time as well. Only Egypt in this group showed improvement. (2014) Finally, we present the 150 products in terms of last five-year average world trade share and with positive maturity growth in Table 5 . First of all, the results of benchmark countries did not differ so much in both analyses, implying that their specialization is weighted on nonchemical and non-plastic industries. Secondly, with the similar findings of Germany above, their adaptation increased over time. The results of the performance of MENA countries are sensitive to inclusion of plastic and chemical industries. Inclusion of these two industries into the model inflated dramatically the results in Jordan, Lebanon, Oman, and Saudi Arabia. Lastly, in most of the countries in the group -except Egypt and Oman-maturity adaptation felt dramatically, compared to first period. 
Conclusion
In this paper, we form a maturity index representing product innovativeness at national and global scale by assuming the existence of significant interrelation between product life cycle and innovative efforts to see the extent to which leading exporting and MENA countries devote their efforts with the direction of global trends. We found that while all benchmark countries improved their adaptation to innovativeness over time in the highest trade share and low-tech products, only China, Germany and US in this group had this performance in hightech and medium-low tech industries, according to weighted average relative maturity change findings. Our results imply that China and, to a lesser extent, US are the best performers in medium-high-tech products. When the rubber industry is excluded in medium-low tech, China's adaptation fell, and the others rose.
In MENA group, only Bahrain, Egypt, Lebanon and Saudi Arabia have developed product rejuvenation in high tech industries. Especially, Egypt is among the best performers -including benchmark countries-in last period, not only in high tech, but also in low-tech and highest trade share products. The products of Turkey and Algeria in these categories have fallen even further behind the global market.
In medium-high tech industries, the number of countries that adaptation performance diminished increases when chemical industries are excluded. In most of the periods Algeria, Bahrain, Egypt and Saudi Arabia's chemical industries lowered the weighted averaged adaptation, albeit they specialize in these industries. We obtained the same results for Morocco, Oman and Saudi Arabia, when rubber and plastic products in medium-low tech industries are included.
From this perspective we suggest that MENA countries should diversify their innovative efforts towards high technology intensive and demanded products at the first place and harmonize petroleum derivative products' developments to enjoy high price advantages and able to pay high wages to their workers. Further research on this issue should be on the extension of the analysis by adding other countries and investigating the effect of maturity on productivity which is said to be key source of economic growth and higher living standards. 
